Yeasts play an important role in nature, and soil is one of the largest reservoirs of yeasts. Seventy-seven yeast strains were isolated from southern Chilean volcanic ash soil. These 77 strains were composed of 30 strains derived from soils used as permanent grassland, 30 strains from rotating grassland, and 17 strains from native forest (considered as the control). These strains were identified using restriction fragment length polymorphisms (PCR-RFLP) in conjunction with ITS-5.8S rDNA sequencing. Additionally, a physiological characterization of the assimilation of carbon and nitrogen and the fermentation of sugars was performed. Various features of the strains were evaluated including their growth in vinasse medium, nitrogen and phosphorus content, and lipid production. Lastly, the use of strains as biofertilizers was analyzed via the cultivation of bell pepper seedlings in soil. From the RFLP profiles, the 77 strains clustered into 10 groups. Of these, only three groups could be identified to the species level, and another was classified to the level of genus (Devaryomyces hansenii, Pichia fermentan, Kazachstania exigua, Candida sp.). All strains grew in vinasse medium. Six strains (PP1, PP4, PR4, PR10, PR27 and PR29) showed a high capacity to accumulate lipids, and three strains (PP1, PP21 and PR28) have the potential to be used as biofertilizers.
Introduction
The conditions found in soil facilitate the development of certain species of yeast; thus, a high diversity of yeast contributes to the soil microbial community (Wuczkowski and Prillinger, 2004) . The diversity of yeasts in soil has been examined globally from Antarctica to tropical regions (Slavikova and Vadkertiova, 2000) , and soil type, climatic features, and anthropic disturbance have been found to influence the presence of yeasts in soil. Recently, several studies have demonstrated how human activity influences the diversity and community structure of yeasts in soil. Slavikova and Vadkertiova (2003) compared yeasts in soils where different crops (maize, beet and potatoes)
were grown versus non-tilled soils and determined that there is a decrease in yeast population in cultivated soils likely due to the use of pesticides and fungicides. Yurkov et al. (2012) analyzed yeast diversity in soils whose use had changed from forest to pasture, and they found that pasture soils preferentially harbor Ascomycete yeasts as opposed to forest soils where the community structure is more heterogeneous.
The economic potential of yeast to agriculture, medical, or environmental applications warrants their molecular identification. Currently, molecular barcoding employing rDNA genes or the internal transcribed spacer (ITS) is the most common technique used to characterize yeast (Pham et al., 2011) . Molecular barcoding is fast, reliable, accurate and therefore, suitable for rapid screening of isolated strains. It has been shown that ITS regions (non-coding and variable) and the 5.8 rRNA gene (coding and conserved) may be useful for the measurement of phylogenetic relationships since these regions present high intraspecific differences (Fernández-González et al., 2001) . Currently, there are various applications for the use of yeast in industry including in the production of biofertilizers and lipids. Biofertilizers are composites of beneficial microorganisms, which, after application, can increase nutrient availability and thus help improve soil health (Kupper et al., 2006) . Given that many agricultural systems are characterized by low efficiency in the use of nutrients, agricultural practices that minimize the excessive addition of N and P are urgently needed in order to ensure sustainable food cultivation Yurkov et al. (2012) . El-Tarabily and Sivasithamparam (2006) note that yeast taxa have been registered as plant endophytes, as promoters of plant growth, as producers of enzymes (e.g., β-1,3-glucanasa), and as agents of biological control. Additionally, Ignatova et al. (2015) have shown that yeast directly or indirectly provide beneficial services to plants. Some of these services include nitrogen fixation, the production of plant hormones such as auxins, gibberellins, and cytokines, the synthesis of vitamins, the production of antifungal and antibiotic compounds, the ability to solubilize minerals such as phosphorous, and the capacity to degrade numerous chemically toxic substances.
Additionally, yeasts have been reported (Chang et al., 2013) as the most promising species for the production of lipids. Specifically, the high intercellular lipid accumulation (up to 80% of cell dry weight) of some species, namely Rhodosporidium sp., Rhodotorula sp., Lipomyces sp., and Yarrowia lipolytica, make them very useful for the production of fats (Rakicka et al., 2015) . Many of these yeasts accumulate lipids in the form of trialkylglycerols (TAGs), mainly in the cytoplasmic membrane, and the production of TAGs increases during nutrient limitation (Arous et al., 2015) . Currently, research on the accumulation of yeast lipids and lipids generated by other oil-producing microorganisms is mainly focused on: (i) optimizing pilot-scale lipid production including residual raw materials as a source of energy (Polburee et al., 2015) , (ii) the search for strategies in the culture to optimize the lipid production process and (iii) the determination of metabolic and molecular aspects involved in lipid accumulation (Ledesma-Amaro et al., 2016) .
The objective of the present study was to identify and characterize yeasts that are present in volcanic ash soils in the Los Rios Region of Chile. Furthermore, we evaluated the biotechnological potential of these yeasts by growing them in an industrial waste liquid known as vinasse.
Materials and Methods

Collecting soil samples
Samples were collected from various sites with volcanic ash soil (Hapludands) in the town of Marquina, Valdivia, Chile (673.75° E, 5625.5° N UTM, Quadrant H18). Specifically, 400 g samples were collected from the first 10 cm of the soil. The sample sites included permanent grassland (PP), rotating grassland (PR), and native forest (B) that was considered as the control. Two samples were randomly collect from each site. The soil samples were deposited independently in sterile plastic bags and transferred to the Mycology Laboratory of the Institute of Biochemistry and Microbiology of the Austral University of Chile.
Isolation of yeasts
Isolation of yeasts was done by serial dilution whereby 10 g of the respective soil samples were weighed and placed in a flask. Then, 90 mL of sterile distilled water was added, and the obtained mixture was shaken manually until total dissolution of the soil was achieved. Following this, 1 mL of the mixture was extracted using a sterile pipette and placed in a tube containing 9 mL of sterile distilled water (10-2 dilution).
Hence, dilutions were made up to 10-6. Subsequently, 1 mL of the respective dilution was deposited in an empty Petri dish to which 0.5 mL of antibiotic mixture (penicillin and streptomycin 1: 1) and 15 mL of Sabouraud agar were added. Once the agar had solidified, the plates were incubated at 23 ± 2 °C for seven days.
After the incubation, 30 yeast colonies were selected for each grassland site, and 17 colonies were selected for the control site. Colonies were selected using morphological criteria, including the color and the size of the colony. Overall, 77 yeast strains were selected for downstream analysis.
Metabolic determination of yeast strains
Each strain was characterized using the traditional methodology proposed by Barnett et al. (2000) . Using 2 CFU yeast / mL) was mixed with 10 mL of Yeast Nitrogen Base (YNB) agar, and the obtained mixture was deposited in a sterile and empty Petri dish. Once solidified, the selected carbon sources were deposited at four points that were equidistant from the plate edge. Glucose was used as a control.
Following additions, the plates were incubated at 23 °C and examined every two days for one week. The qualitative growth of the yeast strain was given as positive (+), weakly positive (+/-), or negative (- 
DNA extraction and amplification of the ITS
rDNA region
The same yeast isolates used in the metabolic analyses was used. The DNA concentration was measured on a Nanodrop, Infinite M200. The amplified DNA was purified and sent for sequencing to Macrogen, Korea.
PCR-RFLP technique
The 5.8S-ITS PCR products (5 μl) were digested with the restriction enzymes CfoI, HaeIII (Promega), and
HinfI (New England Biolabs) according to the supplier conditions; these were incubated at 37 °C for 2.5 hr.
The fragments were separated on a 3.5% agarose gel in 1x TAE for 2 h at 80 V. Band sizes were estimated by comparison with a 100-bp DNA marker (Thermo The obtained data were submitted to statistical analysis using R. Data were analyzed using a one-way analysis of variance (ANOVA) and student's-t tests.
The differences observed at p ≤ 0.05 were considered significant.
Determination of yeast strain potential for use in biofertilizers
Based on the results of the metabolic analyses, the yeast strains PP1, PP21 and PR28 were selected to be tested as biofertilizers. Specifically, these strains 
Results
Physiological characterization of the yeast strains
From the sequencing of the 77 yeast strains, 10 unique taxa were found. Thus, the strains identified as a given taxon were grouped, yet the physiological characteristics of all 77 strains were determined to verify consistency within taxa. Regarding the assimilation of carbon (Table 1) , the strain identified as P.
fermentans (B27) had a carbon assimilation profile that was similar to that similar to that described by Kreger-van Rij (1994) for the same yeast specie. Interestingly, none of the strains from the present study were able to assimilate Inositol, and all were able to assimilate Glycerol. The strains grouped into the ge- 
Nitrogen sources assimilation
PR28 showed a weak positive assimilation of urea.
Additionally, the strain PR16 positively assimilated nitrate while PR28 was not able to assimilate nitrate.
Additionally, the carbon assimilation profile of the strains PR16 and PR28 were similar; both positively assimilated glucose. However these strains differed in the assimilation of nitrogenous compounds. 
Molecular identification of yeast strains
Differences were found in the sizes of the amplified yeast ITS-5.8S rDNA regions; amplified fragments ranged in size from 421 to 678 bp. Additionally, ten distinct profiles (i.e. ten taxa) were found from the RFLP analysis with CfoI, HaeIII, and HinfI (see Table 3 ).
Of these ten taxa, only four groups, C. saitoana, D.hansenii, K. exigua and P. fermentan, could be identified to species level by comparing the RFLP profiles to those available in the literature, (Esteve Zarzozo et al., 1999) . Figure 1 shows the restriction profiles obtained for the yeast group with the greatest number of strains (38). In order to identify the unknown strains (those not identified by PCR-RFLP) and to confirm the identity of the others, the PCR products of 77 strains were sequenced and compared to those available in the GenBank database. From this, the six groups unidentified using PCR-RFLP were identified as C.
saitoana, T. ducitum, T. miniiliforme, T. lignícola, T.
porosum, and S. starkeyiihenricii with greater than 99% max identity. Additionally, the identity of the strains identified using the RFLP method was confirm with the sequencing. The in silico RFLP analysis of the obtained sequences allowed us to identify the fragments that would have been obtained from the endonuclease cutting (Table 3) and to compare these with the empirically determined fragments (see Figure 1 ). The in silico restriction profiles for the fol- The yeast strains that were tested for potential use as biofertilizers were PP1, PP21, and PR28, which were Starch, while the other strains minimally assimilated these sugars. These results are similar to those presented by Middelhoven et al. (2001) for T. porosum (reference strains: CBS 2040, 8396, 8397 and 8522) only that in the mentioned study starch is positively assimilated. Colombo et al. (2011) suggest that these differences between strains depend on the source from which the strains are isolated. Taking into account this variability, the 77 strains analyzed here clustered into ten unique groups according to the RFLP profiles. Of these ten groups, four could be identified to species level, and one group could be identified to the genus level (D. hansenii, P. fermentan, K. exigua, Candida sp.) . Despite this, it has been shown that restriction profiles often do not differ drastically, thus identification to the species level is complicated (Segura et al., 2010) . This was the case for the restriction profiles for strains identified as belonging to the genus Trichosporon.
In order to further resolve these profiles, other restriction enzymes should be used to differentiate the strains. Alternatively, sequencing other DNA regions, such as intergenic spaces (IGS) located within 26S
and 18S, would help resolve species identifications (Romero et al., 2005) . At the very least, similarity in the restriction patterns of closely related species is to be expected. Middelhoven et al. (2001) Esteve-Zarzoso et al., 1999) .
Following the identification and characterization of the yeast strains, we found that K. exigua was the most abundant species in our samples; this species represented 38% of all of the strains isolated from the Hapludand soils, and it was most prevalent in PP (Yurkov et al., 2012) .
Additionally, it has been described that yeast belong- Kumar et al., 2017) .
In the present study, after six days of incubation in vi- found that strain PP1 had 34% ((Woleic acid /Wtotal fatty acids)*100) oleic acid C18:1 (cis9) while strain PR27 had 33% oleic acid. The composition of these oils indicates that they are suitable as raw material for the production of biodiesel (Soccol et al., 2017) . have found similar effects on root size and number of lateral roots for bean seedlings (Gupta et al., 2016) .
Conclusion
This study has provided initial information on yeast associated with soil with different agricultural management in the region of Los Ríos, Chile. The PCR-RFLP methodology was found to be an appropriate technique (fast and reliable) for the identification of yeast. Despite this, not all RFLP profiles were resolvable, thus not all identifications could be performed.
Regardless, when complemented with the sequencing of yeast DNA, the identification of the strains was achieved, and sequencing also confirmed the identifications using the PCR-RFLP methodology. In addition, the physiological characteristics of native yeasts of southern Chile are presented here. Thus, a preliminary evaluation of their biotechnological potential as biofertilizers or for lipid production is given; however, future more detailed studies are warranted to better determine the application of these yeasts to industry.
